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G-protein-coupled receptors (GPCRs) such as human muscarinic acetylcholine
receptor 3 (hM3) assume dimeric/oligomeric forms in living cells while main-
taining their ability to bind and activate G-proteins. The precise stoichiometry,
quaternary organization, and stability of these receptor complexes in living
cells remain a subject of significant controversy. We have investigated the or-
ganization of hM3 receptors in living cells using spectrally resolved two photon
microscopy (SR-TPM). Wild type hM3 and a synthetic-ligand-regulated form
of this receptor (RASSL), were expressed either constitutively or in an antibi-
otic dependent manner in Flp-InTM T-RExTM 293 cells [Alvarez-Curto et al,
Journal of Biological Chemistry, 2010]. A so-called donor of energy (Cerulean
Fluorescent Protein) fused to RASSL can get excited by laser light and transfers
its energy to nearby (<10nm) acceptors (Yellow Fluorescent Protein) fused to
wild type hM3 receptors through a non-radiative process called Forster Reso-
nance Energy Transfer (FRET). Using our SR-TPM microscope, we were
able to collect images showing distributions of single complexes of hM3-
RASSL and hM3-WT formed at various levels of RASSL receptor expression
and determined their apparent efficiency of energy transfer (Eapp). The calcu-
lated Eapp for individual complexes were binned according to their values in
order to obtain a cumulative histogram of Eapp for all complexes. The exper-
imental data thus obtained were fitted to theoretical models [Raicu et al, Nature
Photonics, 2009] in order to determine the quaternary structure of the M3 re-
ceptor, which turned out to be a rhombus-shaped tetramer.
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The Proton-Coupled Folate Transporter (PCFT) encoded by the gene SLC46A1
is the major pathway for uptake of folic acid in the intestine and into the brain.
Mutations in the PCFT gene lead to hereditary folate malabsorption (HFM),
a folate deficiency disease characterized by impaired intestinal folate absorp-
tion and transport of folate into the central nervous system. PCFT is also in-
volved in the uptake of antifolates such as Pemetrexed by tumor cells. At the
present time our knowledge about the structure/function relationships of
PCFT are very limited. Our initial goal is to identify the lipid-protein interface
of PCFT by identifying transmembrane segments labeled by hydrophobic pho-
toreactive probes like 1-Azidopyrene (1-AP) and 2-[3H]diazofluorene ([3H]
DAF). These probes partition efficiently (>95%) into the lipid bilayer and
upon UV-irradiation form covalent linkages with close-by amino acids. 1-AP
and [3H]DAF labeled peptides can then be identified by mass spectrometry
or by automated Edman degradation coupled with radio-sequencing. To carry
out these experiments requires large amounts (several mg) of PCFT protein.
Out of three expression systems we have evaluated (mammalian, cell-free,
and bacterial), expression in BL21 E. coli is so far the most promising. From
preliminary labeling experiments we have confirmed the membrane insertion
of PCFT: 1) PCFT membranes were washed with NaHCO3 and urea, and 2)
With 1-AP labeled PCFT, we identified peptide fragments of PCFT using
mass spectrometry. Future experiments will involve: 1) screening of additional
bacterial expression host strains, 2) labeling of PCFT with [3H]DAF and iden-
tification of labeled peptides as well as individual labeled amino-acids using
radio-sequencing. Our results will define the PCFT lipid-protein interface
and therefore will help verify 1) the a-helical secondary structure of transmem-
brane segments and 2) the arrangement of transmembrane segments within the
membrane-spanning domain.
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Forward glutamate transport by the excitatory amino acid carrier EAAC1 is
coupled to the inward movement of three Naþ and one proton, and the outward
movement of one Kþ. Glutamate, Naþ and Hþ are moved to the cytosol in the
translocation steps. Subsequent outward movement of Kþ occurs in a separate
step. Based on indirect evidence, it was suggested that outward movement ofpositively-charged Kþ is overcompensated by the outward movement of nega-
tive charge of the binding site(s). However, no information is available on the
Kþ-dependent reaction step(s). Here, we examined the electrostatics of the glu-
tamate transport process by evaluating implicit membrane/solvent/ explicit
transporter models using the Poisson-Boltzmann (PB) equation. The results in-
dicate that structural changes of the transporter bound to only one cation lead to
transfer of negative charge across the membrane. In order to compensate for the
negatively-charged binding sites, at least two Naþ and one proton need to be
bound to the transporter. Consistent with these predictions, transient currents
were observed in response to steps of the transmembrane potential when Kþ
was the only cation present on both sides of the membrane. No Kþ-dependent
charge movements were observed in a transporter with the mutation E373Q,
which is known to be defective in the Kþ-dependent relocation step(s), but
not Kþ binding. Furthermore, rapid extracellular Kþ application to EAAC1 un-
der single turnover conditions (only Kþ inside) results in outward transient cur-
rent, in contrast to the expected inward current in the absence of charge
overcompensation. We propose a charge compensation mechanism for the
transport process, in which the C-terminal transport domain is overall nega-
tively charged, with an apparent valence of 1.26. Our model can be used to
predict the kinetics of the Kþ-dependent half-cycle of the glutamate transport
process.
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Mg2þ, Zn2þ and Co2þ are among the ions that are absolutely essential for living
organisms. Thus their intracellular concentrations must be kept under tight con-
trol as lack of these metals will eventually lead to the cell death and elevated
concentrations may be toxic. The 2-TM-GxN family (two trans membrane he-
lices at the C-termini connected by a conserved extracellular loop containing
the GxNmotif, where x is either M, V or I) is determined as the main machinery
for regulation and transporting of these ions across the membranes. CorA is
a major subfamily within this family and is known as the main system for
Mg2þ import. Here the present the crystal structure of CorA fromMethanococ-
cus jannaschii, which lacks additional signature motif, but yet capable of trans-
porting Mg2þ. We employed combination of different biophysical techniques,
including fluorescence-based thermal stability assay (Thermofluor), differential
static light scattering (Stargazer) and multi-angle light scattering to optimize
crystallization conditions, which ultimately yielded diffraction-quality crystals;
as well as to complement our in vivo cation selectivity assays.
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Type II Naþ-coupled phosphate cotransporters (NaPi-IIb) catalyze electrogenic
phosphate transport with a 3:1 Na:HPO4
2- stoichiometry. No 3-D structure is
currently available and we employ indirect approaches to investigate
structure-function relations. With zero phosphate, voltage steps applied to Xen-
opus oocytes expressing NaPi-IIb induce presteady-state charge movements at-
tributable to empty carrier reorientation and Naþ interactions. This transporter
dynamic readout is global and provides limited insight into the underlying con-
formational changes. These can also be studied using voltage clamp fluorome-
try (VCF) that allows investigation of local responses to voltage and substrate.
We have applied VCF to identify regions that respond to changes in the fluo-
rophore’s microenvironment close to the labeled site (Virkki et al., 2006,
JBC, 281). We now focus on the time dependence of fluorescence intensity
changes (DF) in response to voltage steps with different [Na]. Cysteines were
substituted at externally accessible linker regions and after labeling with the
fluorophore (MTS-TAMRA), the mutants showed WT-like cotransport behav-
ior so that we could interpret our data in the context of the dynamics during the
normal transport cycle. At two sites, one located in a functionally important re-
entrant loop and the other in an adjacent linker, the time constants of DF (tauF)
increased with [Na], typically from 3ms to 7ms for depolarizing steps. In con-
trast, DF recorded from a site in the first extracellular linker showed a tauF in-
dependent of [Na]. This indicated that the fluorophore microenvironment at this
site was sensitive to voltage-dependent conformation changes associated with
the empty carrier only. In all cases, tauF was significantly slower than the simul-
taneously measured presteady-state charge relaxations, which suggested that
these local changes follow the overall global movements. Our findings will
be incorporated into a map of voltage- and substrate-dependent conformational
changes.
